This paper evaluates the stocking effectiveness of masu salmon Oncorhynchus masou in Hokkaido, northern Japan, through a coast-wide two-stage sampling survey of commercial landings. From January to June 1994-1996, commercial landings of masu salmon at 33-36 fish markets were sampled at 7-10 days intervals, and 60 866-72 124 fish were examined for marks indicated by fin clips. Based on the survey data, numbers of total and hatchery-reared masu salmon landed were estimated. To examine the structure of the errors, stratification of fish markets was implemented on the basis of geography and magnitudes of landings, and the stratification improved accuracy and precision of the estimates. Accuracy of the estimated numbers of total fish was evaluated by being compared to the true numbers of masu salmon landings reported by fishermen's cooperative associations. Estimates of total masu salmon landings were within ± 10% of the true numbers. The estimated recovery rates (± SE) for hatchery-reared masu salmon smolts were variable ranging from 0.18 (± 0.06) to 3.50 (± 0.41)% among the stocked groups. An optimal sampling strategy was examined to obtain precise estimates for future studies.
INTRODUCTION
Masu salmon Oncorhynchus masou occur only on the Asian side of the Pacific Ocean. 1 Masu salmon can be separated into two forms, the anadromous masu salmon and the non-anadromous freshwater type, called Yamame. Hokkaido, northern Japan, is the main area occupied by anadromous masu salmon in Japan. Masu salmon juveniles spend 1 or 2 years in freshwater before migrating to the ocean. Seaward migrations for masu salmon smolts in Hokkaido occur in spring. After 6 months of ocean life, they start being landed by coastal commercial fisheries. Masu salmon is an important species for coastal commercial fisheries in Hokkaido and is harvested mainly from winter to early summer. This fishery contrasts with the autumn fishery for the other two Oncorhynchus native to Japan, chum salmon O. keta and pink salmon O. gorbuscha.
Artificial fertilization and rearing techniques for masu salmon have been developed and experimental stockings have been made to improve the enhancement techniques. 2 Mayama 3 evaluated the effectiveness of enhancement programs by surveying the numbers of hatchery-origin fish in the commercial landings and in the fish returning to the rivers. The estimation procedures, however, were not fully investigated; the sampling surveys were restricted to the narrow area near the release site and precision of these estimates was not determined. Because masu salmon migrate widely in the ocean, 4 it is predicted that hatchery-origin masu salmon would be landed in various districts of Hokkaido some distance from the release sites. The need for evaluating the precision of estimates has been emphasized. 5, 6 Therefore, to assess the effectiveness of stockings appropriately, an exten-
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Commercial harvest of hatchery-reared masu salmon
Oncorhynchus masou estimated by a coast-wide sampling program in Hokkaido, northern Japan, and the two-stage sampling schemes of landings (Table 1) .
Sampling survey of commercial landings
Masu salmon are caught mainly from winter through early summer in coastal waters of Hokkaido by commercial angling, gill net, and setnet fisheries. The commercial angling fishery occurs only in the coastal areas of the Oshima Peninsula, in the south-western part of Hokkaido, in the early part of the fishing season. Coastal gill net fisheries occur in various districts throughout the fishing season. Inshore set-net fisheries in various districts are opened after April until early summer. Sampling surveys of commercial landings were made at fish markets of fishermen's cooperative associations in the western part of Hokkaido from January to June 1994-1996 (Fig. 1 ). More than 85% of the annual commercial harvest of masu salmon in Hokkaido was landed in the western districts (i.e. Sea of Japan coast and Pacific coast west of the Cape Erimo) and more than 95% of the annual harvest was landed from January to June. 11 Therefore, our sampling surveys covered a majority of the annual masu salmon harvest in Hokkaido. There are 90 fish markets in the sampling population. At approximately 20 markets, however, few masu salmon are landed in the fishing season. Markets where less than 500 masu salmon were landed were removed from the population. Out of 67 to 69 markets, 33 to 36 markets were sampled at the first stage ( Fig. 1; Table 2 ). In choosing the markets, the sampling population was stratified based on the average numbers of masu salmon landings in the past 3 years, and then simple random samples were taken from each stratum. Simple random samples for landing days were taken at the second stage; that is, no consideration was given to the amount of daily landings and landing days were sampled systematically at 7-10 days intervals throughout the fishing season. At several markets, more landing days were sampled to improve the precision of the estimates as far as the time and budget permitted. Overall sampling rates for landing days were 12-14% (Table 2) . On each survey day, trained samplers checked all masu salmon at the market for fin-clips, and recorded the numbers of marked and total fish examined. The total numbers of marked fish seen at fish markets by samplers are shown in Table 1 , while the total number of fish examined is shown in Table 2 .
sive coast-wide sampling strategy of commercial landings is required to estimate the numbers of hatchery-reared fish exploited by fisheries, which make it possible to evaluate the precision of estimates. Extensive catch sampling for marked salmon historically required intensive efforts, and sophisticated sampling programs have been developed. [7] [8] [9] [10] Kitada et al. 8 proposed a general methodology for estimating stocking effectiveness under a simple random two-stage sampling of commercial landings. They developed an unbiased estimator of total landings and its unbiased variance estimator when the sizes of sampling units are unequal, allowing the precision to be assessed appropriately.
In Hokkaido, the national, prefectural, and private hatcheries produce and stock masu salmon smolts to enhance the commercial masu salmon stocks. From 1994 to 1996 we conducted the two-stage sampling surveys of commercial masu salmon landings at fish markets to assess the harvest distributions and the recovery rates of masu salmon stocked by two of the private hatcheries.
MATERIALS AND METHODS
Stockings of marked masu salmon
Otobe and Shosanbetsu Hatcheries raised and stocked masu salmon smolts in order to enhance the masu salmon stocks in Hokkaido (Fig. 1 ). These two private hatcheries are managed by regional communities and funded by Hokkaido Prefecture. Eggs were taken from domestic masu salmon reared in raceways of the Kumaishi Research Branch of Hokkaido Fish Hatchery. The Kumaishi Research Branch has two strains of domestic masu salmon, the Shiribetsu River strain and the Shokanbetsu River strain. Eyed eggs of the Shiribetsu River strain were then transported to Otobe Hatchery and after emergence they were reared for 1 year. Hatchery-reared 1-year-old smolts were transferred to floating netpens in Otobe harbor and after 5 days of acclimation to seawater were stocked in late May in 1994 and 1995.
The strain of masu salmon reared at Shosanbetsu Hatchery differed year-to-year due to availability of eggs. Eggs of the Shokanbetsu River strain were used in the experimental stocking in 1993, those of the Shiribetsu River strain were used in 1994, and eggs taken from masu salmon returning to the Furenbetsu River in the autumn of 1993 were used in 1995. Hatchery-reared 1-year-old smolts from the Shosanbetsu Hatchery were stocked voli- angling and net fisheries, and recoveries in the Pacific coast declined gradually. In May-June, most marked fish were caught by the inshore set-net fishery near the release sites and adjacent areas, and few fish were recovered in the Pacific Ocean (Fig. 2) .
Estimates of recoveries of hatchery-reared masu salmon and effective stratification of markets
Initially, the numbers of marked and total masu salmon landed in the fishing seasons were estimated without any stratification of markets ( Table  3 ). The numbers of total fish were estimated precisely (CV, 0.11-0.14), but the precision of the estimates for the marked fish was poor (CV, 0.21-0.50). Examining the compositions of variances, between-variances which arise from variations of landings among fish markets (Table 3) accounted for most (84-92%) of the total variances except for the Shosanbetsu Hatchery stock that returned in 1995. In order to consider effective sampling schemes, post-stratification of fish markets was implemented. The fish markets were stratified in the following manner.
(1) On the basis of magnitudes of landings at each market from January to June: one stratum was markets where more than 5000 fish were landed, and the other stratum was those where landings were £ 5000 fish.
Landed fish were sold at a fixed auction time at each market. Fishermen brought fish in to the market to be in time for the auction. Usually all landings were completed several minutes before the auction time, but sampling personnel had to check fish quickly before they were sold. The numbers of sampling personnel varied from two to eight depending on the magnitude of daily landings.
Estimation of marked and total masu salmon landed
To illustrate the seasonal migration of marked masu salmon and estimate the regional exploitation quantitatively, numbers of marked masu salmon landed at each surveyed market were estimated by expanding the numbers of fish landed on survey days by the reciprocal of the sampling rates for the landing days at each market.
Numbers of marked and total masu salmon landed in the sampling population were estimated using the formulae described by Kitada et al. 8 In order to examine the structure of the errors, fish markets were stratified on the basis of geographic locations and the magnitudes of masu salmon landings from January to June, and the precision was evaluated for each stratification by comparing the coefficient of variation (standard error divided by the estimate). When the fishing season for masu salmon ended, numbers of masu salmon landed at each market were reported by the fishermen's cooperative associations. The accuracy of the estimate of total number of masu salmon landed in the survey area was then evaluated against the true number of fish landed.
RESULTS
Seasonal recoveries of hatchery-reared masu salmon
Marked masu salmon were landed from across wide coastal areas of Hokkaido, and the peak timings for the landings differed among districts as shown in Fig. 2 for 1996 . In January-February, marked fish were exploited mostly in the southern part of Hokkaido by the commercial angling fishery in the coastal areas of the Oshima Peninsula and gill net fishery along the Pacific coast. In northern districts, no marked masu salmon were landed because the fishing efforts were extremely restricted due to the weather conditions. In March-April, more marked fish were recovered in southern districts on the Sea of Japan side by (2) On the basis of geography: one stratum was markets on the Sea of Japan side including some markets on the Sea of Okhotsk side (Fig. 1) , and the other stratum was those on the Pacific Ocean side.
(3) The markets situated within 10 km from the release site were treated as a separate stratum.
Stratification improved the overall precision of estimates for numbers of masu salmon landed and of marked fish landed ( Table 4) . As the number of marked fish landed at the market near the release site was much larger than landings at the other markets, the stratification 3 improved the precision of the estimates for marked fish remarkably (Fig. 3) . The effects of the other patterns of stratification differed according to the groupings. When stratifications 1, 2, and 3 were combined and consequently the population was stratified into five strata, the recoveries of marked fish were estimated most precisely in most cases. We chose the results of the stratifications 1, 2, and 3 combined as our final estimates (Table 4 ). The estimate for the Shosanbetsu Hatchery stock recovered in 1995 showed only slight gains on the precision by the stratification. It showed extremely poor postrelease survival and within-variance which arise from variations of landings among survey days within fish markets (Table 3) accounting for the majority of the total variance (i.e. betweenvariance was quite small because no marked fish were landed at most of the fish markets surveyed). Estimated recovery rates (± SE) for the hatcheryreared masu salmon smolts were highly variable among the stocked groups ranging from 0.18 (± 0.06) to 3.50 (± 0.41)%.
DISCUSSION
The total numbers of masu salmon landed in coastal areas of Hokkaido in the fishing seasons of 1994-1996 were estimated accurately, with ± 10% accuracy of the true numbers reported by the fishermen's cooperative associations, by the two-stage sampling method proposed by Kitada et al. 8 In the present study, sampling surveys for 12-14% of total landing days derived accurate estimates of the landings from geographic regions covering over 1400 km of coastline. These analyses proved the two-stage random sampling survey was useful and cost-effective in evaluating the effectiveness of enhancement programs where fish were caught simultaneously in various districts by different fisheries. Stratification of markets had great effects on the precision and is considered an important procedure in generating estimates from the survey data. When a suitable pattern of stratification is examined, then biological characteristics (e.g. seasonal migration pattern) are meaningful.
The estimated recovery rates for hatcheryreared masu salmon smolts were quite variable among the stocked groups. If stocking of hatcheryreared smolts is taken as a means of enhancing masu salmon stocks, future research should investigate factors affecting the post-release survival and an effective stocking method (e.g. time, site, strain, quality of smolt etc.) should be established.
The sampling and estimation procedures also allowed the precision of the estimates to be evaluated. This ability is important when estimates are used in further analysis. 12 When time and budgets for sampling surveys are limited, the optimal sampling strategy can be decided by the contours Table 3 Estimated number of (a) total and (b) marked masu salmon landed in the coastal waters of western Hokkaido in 1994-1996 (before stratification of markets) 15 in Kitada et al. 8 setting c 1 /c 2 = 30, where c 1 is the cost proportional to the number of markets and c 2 is the cost proportional to the total number of survey days, the required number of survey days for a fishing season is 9.0 days for the Otobe Hatchery stock recovered in 1996. The average number of survey days was 20 days in 1996 although survey days were variable among markets and it is again recommended to survey more markets rather than landing days. When the fish markets are stratified, the contour can be drawn for each stratum and the optimum number of survey days also can be estimated for each stratum. On the other hand, increasing both fish markets and survey days to be sampled would have a considerable influence on the precision of the Shosanbetsu Hatchery stock recovered in 1995. However, the optimum number of survey days for the stock is 71.6 days, where the average number of total landing days was 83 days. This implies, unfortunately, that it would be difficult to estimate the landings of marked fish precisely without an intensive sampling effort when the recoveries are so few.
The extensive coast-wide sampling program revealed the seasonal catch distribution of marked masu salmon. The enhancement programs on the Sea of Japan side contributed to the coastal commercial fisheries in the Pacific Ocean, therefore a sampling survey in a coast-wide range is necessary to assess the effectiveness of stockings of hatcheryreared smolts. Machidori and Kato 4 illustrated the ocean migration patterns of masu salmon on the basis of recoveries of marked fish, and described that a portion of masu salmon which had been released in a river flowing into the Sea of Japan was showing the standard error values with varying primary and secondary sample sizes (Fig. 4) . The contours shown in Fig. 4 are those when the fish market are not stratified. Figure 4 shows that the variance for the Otobe Hatchery stock recovered in 1996 would be reduced considerably if a few markets were added to the sample, while an addition of number of survey days does not improve the precision. When the optimum number of survey days to be sampled is calculated by formula distributed in the Tsugaru Strait in the following winter of the releases. The present study showed that considerable portions of the hatchery-reared fish stocked on the Sea of Japan side migrated to the Pacific Ocean and were exploited there by commercial fisheries. The geographic trends in the catch distribution provide useful and essential information for fisheries management on masu salmon. Kurokawa et al. 13 reported that a portion of the marked fish stocked in Hokkaido were landed outside our survey area. Therefore, the estimates of recovery rates of hatchery-reared masu salmon in this study are conservative, although our sampling survey covered the majority of landings of masu salmon in Hokkaido. To evaluate the post-release survivals more closely, the numbers of masu salmon landed in eastern Hokkaido and Honshu should be surveyed.
In the present study, hatchery-reared fish were marked by clipping fins, but removal of fins would reduce the chance for the fish to survive and regeneration of clipped fins would induce biases of the estimates. [14] [15] [16] The fish marking techniques should be improved. Coded wire tags had not been applied to salmon in Japan but would be preferable to evaluate the effectiveness of enhancement programs for masu salmon in future studies.
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